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Synthetic details
All solvents and chemicals purchased from commercial sources (Sigma-Aldrich, Acros, Fisher Scientific or Alfa Aesar) were used without further purification unless otherwise stated.
Deuterated solvents were purchased from Sigma-Aldrich and Cambridge Isotope Laboratories.
Enantiomers of compounds 1-3 and 6 1 and 1-phenyl-2-(prop-2-ynyloxy)ethanamine, 2 and 5-(2,2'-bipyridin-5-ylmethoxy)picolinaldehyde 1 were prepared by reported methods.
Physical and Analytical Details
NMR spectra were recorded on Bruker Spectrospin 300/400/500 MHz spectrometers. Routine NMR assignments were confirmed by 1 
O (D-6)
This was prepared in the same manner as the L-4 using (R)-1-(naphthalen-1-yl)ethan-1-amine.
Thermogravimetric and microanalytical data are consistent with the presence of an octahydrate.
Yield 0.267 g, 89 %. 
S5
O (D-6)
This was prepared in the same manner as the L enantiomer, using (S)-1-(naphthalen-1-yl)ethan-1-amine and gave identical spectra. Thermogravimetric and microanalytical data are consistent with the presence of an octahydrate. Yield 0.211 g, 77 %.
S6
Ice Recrystallisation Inhibition Assay
Ice recrystallisation inhibition was measured using a modified splay assay. minutes. Image processing was conducted using Image J, which is freely available. 4 In brief, ten of the largest ice crystals in the field of view were measured and the single largest length in any axis recorded. This was repeated for at least three wafers and the average (mean) value was calculated to find the largest grain dimension along any axis. The average of this value from three individual wafers was calculated to give the mean largest grain size (MLGS). This average value was then compared to that of a PBS buffer negative control.
S7
Molecular structure of Zn(II) perchlorate analogue of 6
The water-soluble compounds such as 6 [see (a) below] resist formation of sufficiently large single crystals for X-ray diffraction so we turned to the isostructural Zn(II) perchlorate analogue (b) (see ref 1
for synthesis and characterisation of this compound). Single crystals were grown from acetonitrile/ethyl acetate. A suitable crystal was selected at the UK National Crystallographic Service 5 and mounted using a MiTeGen loop using Fomblin on a 3-circle AFC11 with a Rigaku Saturn944+ (2x2 bin mode) CCD.
The crystal was kept at 100.15 K during data collection. Using Olex2, 6 the structure was solved with 
S8
The asymmetric unit contains the complex, one molecule of ethyl acetate, two fully occupied and one half occupied acetonitrile molecules, three fully occupied perchlorate anions and two half-occupied perchlorates. The acetonitrile N300-C302 was refined isotropically at half occupancy. Perchlorate Cl30 was modeled as disordered over two positions related by rotation around the Cl30-O31 bond. The occupancies were fixed at 50:50 and the disordered components refined isotropically. Perchlorate Cl40 sits just off the cell wall and was refined under a Part -1 instruction at 50% occupancy. Perchlorate Cl50 sits on a 2 fold axis and was refined at half occupancy. Four positions were located for the oxygen atoms (O51-O54 refined isotropically at 50% occupancy) which under the action of the two fold axis form a perchlorate disordered over two positions around Cl50. Some additional electron density was modeled as a water molecule disordered over three very closely related positions (too close to be bonded), each position was refined isotropically at a third occupancy. No hydrogens were located for the disordered water.
Many SIMU, DELU and DFIX restraints were used to give the disordered components chemically sensible bond lengths, angles and thermal parameters. 
S13
Hydrophobicity calculations
Calculations were performed using the Firefly QC package, 9 which is partially based on the GAMESS (US) source code. 10 The computed structure 1 of the Zn(II) analogue of the cationic metallohelix unit in L-1 was used as the basis for this study since suitable Fe parameters were not available. The Zn(II) and Fe(II) compounds are isostructural. 
